Abstract. Barcode localization is an essential step of the barcode reading process. For industrial environments, having high-resolution cameras and eventful scenarios, fast and reliable localization is crucial. Images acquired in those setups have limited parameters, however, they vary at each application. In earlier works we have already presented various barcode features to track for localization process. In this paper, we present a novel approach for fast barcode localization using a limited set of pixels in image domain.
Introduction
Barcodes are visual codes consisting of well-dened symbols that carry embedded data along one or two dimensions in the image domain. Most common 1D barcodes are a set of parallel lines with specic bar width, height and order.
2D visual codes are also often referred as barcodes, however, those visual codes are usually built by regular polygons instead of bars. Between these two groups, there are stacked codes as well, that can be considered as multiple 1D barcodes aligned next to each other perpendicularly to the axis carrying the data. In this paper, we restrict ourselves to the Code 128, EAN-13 and UPC codes.
Barcodes, like OCR-friendly fonts, aim the easy, reliable and automatic reading of embedded data with minimal or no human intervention. Those codes usually carry a short, unique numeric or alphanumeric product code that can be used at postal services, tickets of various type, or supermarkets. 2D barcodes usually carry more alphanumeric data, like URL-s, email addresses or character sequences for many dierent purposes like coupon codes or advertisements.
We have to take two steps to regain the data embedded in the visual code.
First, we locate the barcode, recognize its size, orientation, and usually apply transformations, like noise reduction, sharpening, normalization, and correction of distortions. After this step, the processed image piece containing the code is passed to the detector that looks up the pattern for valid character data.
When proper localization and preprocessing is applied, this step is relatively straightforward since characters are easily recognizable thanks to the maximized hamming-distances between characters in most cases. Furthermore, most barcode patents provide additional, redundant data for error-correction purposes.
Localization step has more diculties due to the variety of code types, cameras and scenarios.
The basic idea of barcode localization is the scan-line method [1, 2] . It imitates the process how a laser scanner sweeps through an image, scanning lines and producing one-dimensional intensity proles. The main idea is to nd peak locations in blurry barcode models, then thresholding the intensity prole adaptively to produce binary values. Decoding part takes place on those processed proles to recognize character sequence with various approaches. One example is a bayesian decoding, with 4 directional scan-lines and entropy ltering [3] .
Speed is an advantage of this method, therefore it is appropriate for mobile phone application as Tekin et al. proposed in later works [4] .
Several works assume that barcodes are aligned along the axes [5, 6] , or they are already localized [7] . Those works propose accurate algorithms for decoding, that can be paired with proper localization approaches to solve the task of ecient barcode reading. Gallo et al. [6] also uses gradients, which also can be used for localization [8] . Image partitioning to uniform tiles is also a wide-spread idea of pattern recognition, that also can be used as a base of barcode localization [14, 15] This approach can be used for fast localization, however, image features have to be chosen properly to maintain accuracy at a reasonable level.
Our work involves overlapped partitioning with a modied idea of scan-line analysis and replacement of the sweeping lines with circular pattern. A reliable measure is obtained that way, indicating possible barcode regions. The output of the localization process, cropped regions can be passed to decoding algorithms [5, 7] , thus making applicable solutions for scenarios that require fast and accurate processing.
The Proposed Method
The proposed localization algorithm starts with preprocessing. First, we convert 
where Z holds for zero-crossing, w and c for wild and calm zones respectively, and q for quadrant size in pixels. Symmetries also form a well-traceable feature for searching barcode parts.
The level of symmetry at pixel level and between quadrants are computed with Eq. 2 and Eq. 3, respectively. These symmetries can only be detected at wild quadrants due to the axial symmetry of barcode patterns.
We look for the smallest dierence in dominant direction at T and its 4-adjacent neighbourhood T * as expressed by Eq. 4, and the nal measure assigned to each tile is by Eq. 5. We use δ as the weight of D m , since neighbourhood similarity is more important than symmetry in tiles (δ = 2 is our proposed value). Scanning the image parts in circular pattern instead of a set of lines with xed number and orientation is more ecient, because it is fully directionindependent, uses symmetry to reinforce decision, and processes less pixels.
Downsampling of high resolution images having low noise level, good contrast and crisp edges is allowed and recommended, but all setups should be examined for minimum resolution of the input for accurate localization. In idealistic images, like articially rendered ones, 1 unit 1 as 1 px is satisfactory, however, at least 2 px as unit size is recommended for real-life applications. Strict industrial setups can be considered as idealistic, as they have even illumination and quality camera.
The proposed downsampling to obtain desired unit size is nearest neighbour interpolation, since it preserves hard edges of barcodes. 
where G and D give binary 01 values based on the pixel intensity of the ground truth and the binarized detector output images respectively.
The average performance indicators of the detectors are shown in Table 1 .
A more accurate method for nding the dominant pattern direction is the fast Hough transformation. It provides the most reliable results, however, it slows down the localization algorithm to a level comparable to morphological operations. 
Concluding Remarks
We presented a novel method for barcode localization and evaluated its performance on a set of real-life example images. Results show that uniform partitioning of an image, and scanning parts in circular pattern leads to a trustworthy approach for barcode localization.
In industrial setups, runtime can be further decreased by parallel execution.
Tile evaluation can be fully parallelised.
Our future work includes extending the presented approach to 2D barcodes by nding strong features having high sensitivity to barcode patterns.
